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Speci fi cation 

RECORDING PULSE GENERATING APPARATUS AND INFORMATION RECORDING 

APPARATUS 

Technical Field 
[0001] 

The present application belongs to a technical field of 
a recording pulse generating apparatus and an information 
recording apparatus . 
Background Art 

[0002] 

la an information recording process on a writable or 
rewritable optical disc such as a DVD-R (DVD-Recordable) or 
DVD-RW (DVD-Re-recordable) as an information recording medium 
having large recording capacity which is used more and more 
commonly in recent years, a laser power control method of forming 
recording pits with a laser pulse train including a plurality 
of short laser pulses is used. Such a method is also called 
a write strategy method. 
[0003] 

The laser pulse train is made of a plurality of laser pulses 
whose amplitudes vary between a predetermined read power level 
and a write (recording) power level. Specifically, according 
to a recording signal, in a region (hereinbelow, also properly 
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called "space part") on a recording surface of an optical disc 
in which no recording pits are formed, the recording surface 
is irradiated with a laser beam at a read power. In a region 
(hereinbelow, also properly called "pit part") on a recording 
surface in which recording pits are to be formed, the recording 
surface is irradiated with a laser beam at a power according 
to a laser pulse train whose amplitude varies between the read 
power and the write power, thereby forming recording pits on 
the recording surface. 
[0004] 

In recent years, as an example of the write strategy method, 
a technique disclosed in Patent Document 1 has been also proposed. 
Patent Document 1: Japanese Patent Application Laid-open No. 
2003-85753 (FIGS. 5, 6, and 12) 

Disclosure of the Invention 

Problems to be solved by the Invention 

[0005] 

In a conventional configuration for generating recording 
pulse signals disclosed in the Patent Document 1, at the time 
of generating a recording pit having a length less than a pre-set 
length, a laser pulse of a single pulse is used. At the time 
of generating a recording pit having a length equal to or longer 
than the pre-set length, a laser pulse having a concave shape 
or a laser pulse having an L shape is used. As a result, at 
the time of generating a recording pit having a length less than 
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the pre-set length, a recording pit is formed at a predetermined 
high write power level whose absolute value is large. On the 
other had, at the time of generating a recording pit equal to 
or longer than the pre-set length onto the recording surface, 
recording pits are formed at a write power level which varies 
in a plurality of stages between the write power level and a 
predetermined write power level lower than the write power level . 
[0006] 

Generally, accumulation of heat energy received from the 
write power varies between the case where recording pits are 
generated only with the write power whose absolute value is large 
and the case where recording pits are generated with a write 
power which varies in a plurality of stages between the write 
power of the large absolute value and a write power of the smaller 
absolute value. 
[0007] 

Consequently, in the technique described in the Patent 
Document 1, when the write power varies due to a change in the 
characteristic of a current -power (I-P) curve (gradient in the 
I-P curve) shown in FIG. 4 of the Patent Document 1 or the like, 
the fluctuation amount in the heat energy accumulation varies 
between the recording pits formed with the single pulse and the 
recording pits formed with the recording power that varies in 
a plurality of stages. There is a problem that fluctuations 
in the shapes of the recording pit become larger. 
[0008] 
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The problem conspicuously appears in the case where 
recording is performed at higher speed. 
[0009] 

The present application has been made in consideration 
of the problem. An object of the invention is to provide a 
recording pulse generating apparatus suitably used at the time 
of performing recording at higher speed (for example, 8X speed) 
and an information recording apparatus including the recording 
pulse generating apparatus and for recording information onto 
an information recording medium such as an optical disc. 

Means for solving the Problem 
[0010] 

In order to solve the above problems, the invention of 
claim 1 relates to a recording pulse generating apparatus for 
generating recording pulse signals having pulse widths 
corresponding to pits having various lengths, comprising: 

first pulse generating means for generating the recording 
pulse signal so that an amplitude of the recording pulse signal 
corresponding to a pit having at least one kind of length less 
than a preset length changes from a first amplitude to a second 
amplitude lower than the first amplitude; and 

second pulse generating means for generating the recording 
pulse signal so that an amplitude of the recording pulse signal 
corresponding to a pit having a length equal to or longer than 
the pre-set length changes from a third amplitude to a fourth 
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amplitude lower than the third amplitude and further changes 
to a fifth amplitude higher than the fourth amplitude. 
[0011] 

In order to solve the above problems, the invention of 
claim 8 relates to an information recording apparatus 
comprising: 

the recording pulse generating apparatus according to 
claim 1, and 

recording means for recording the information by forming 
the pit using the recording pulse signal generated. 

Brief Description of the Drawings 
[0012] 

FIG . 1 is a block diagram showing a schematic configuration 
of an information recording/reproducing apparatus according to 
embodiments . 

FIG. 2 is a block diagram showing an outline configuration 
of a recording controller in the information 

recording/reproducing apparatus according to the embodiments. 

FIG. 3 is a diagram showing an outline configuration of 
an LD driver in the information recording/reproducing apparatus 
according to the embodiments. 

FIG. 4 is a graph showing an example of the relation between 
drive current supplied to a laser diode and output power. 

FIGs. 5A and 5B are diagrams showing a recording pulse 
waveform according to a first embodiment, and FIG. 5A is a diagram 



5 



showing a first recording pulse waveform, and FIG. 5B is a diagram 
showing a second recording pulse waveform. 

FIG. 6 is a diagram showing recording pulse waveforms 
corresponding to recording pits in the first embodiment. 

FIG. 7 is a diagram showing recording pulse waveforms 
corresponding to recording pits in a modification of the first 
embodiment . 

FIG. 8 is a diagram showing recording pulse waveforms 
corresponding to recording pits in a second embodiment. 

Description of Reference Numerals 
[0013] 

1 information recording/reproducing apparatus 

2 optical pickup 

3 spindle motor 

10 recording controller 

12 LD driver 

13 APC circuit 

14 sample and hold circuit 

15 controller 

16 front monitor diode 

17R, 17W1, 17W2 current sources 

18R, 18W1, 18W2 switches 

2 0 reproduction controller 

30 servo controller 

40 top pulse 
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41 intermediate bias part 

42 last pulse 



Best Mode for carrying out the Invention 
[0014] 

Preferred embodiments of the present application will be 
described with reference to the drawings. 
[0015] 

( I ) Apparatus Configuration 

First, an apparatus configuration and operation which are 
common to the following embodiments will be described with 
reference to FIGS . 1 to 4 . FIG. 1 is a block diagram showing 
a schematic configuration of an information 

recording/reproducing apparatus according to embodiments. 
FIG. 2 is a block diagram showing an outline configuration of 
a recording controller in the information recording/reproducing 
apparatus. FIG. 3 is a diagram showing an outline 
configuration of an LD (Laser Diode) driver in the information 
recording/reproducing apparatus. FIG. 4 is a graph showing an 
example of the relation between drive current supplied to a laser 
diode and output power. 
[0016] 

As shown in FIG. 1, an information recording/reproducing 
apparatus 1 according to embodiments is an apparatus for 
recording/reproducing information to/from an optical disc D. 
As the optical disc D, various opt ical discs such as a CD-R (Compact 
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Disc-Recordable) or a DVD-R on which information can be recorded 
only once and a CD-RW (Compact Disc-Rewritable) or a DVD-RW 
from/to which information can be erased/recorded a plurality 
of times can be used. 
[0017] 

The information recording/reproducing apparatus 1 has: 
an optical pickup 2 as recording means for irradiating the optical 
disc D with a recording beam and a reproduction beam; a spindle 
motor 3 for controlling rotation of the optical disc D; a recording 
controller 10 as first pulse generating means and second pulse 
generating means for controlling recording of information onto 
the optical disc D; a reproduction controller 20 for controlling 
reproduction of information already recorded on the optical disc 
D; and a servo controller 30 for performing various servo controls 
including spindle servo for controlling rotation of the spindle 
motor 3 and focus servo and tracking servo as relative position 
controls on the optical disc D of the optical pickup 2. 
[0018] 

Next, the operation will be described. 

The recording controller 10 receives a recording signal, 
generates a drive signal S D for driving a laser diode in the 
optical pickup 2 by a process which will be described later, 
and supplies the drive signal S D to the optical pickup 2. 
[0019] 

The reproduction controller 20 receives a read RF signal 
Srf output from the optical pickup 2, performs predetermined 
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demodulating process, decoding process, or the like on the read 
RF signal Srf, thereby generating a reproduction signal, and 
outputs the reproduction signal. 
[0020] 

The servo controller 30 receives the read RF signal Srf 
from the optical pickup 2, supplies servo signals Si such as 
a tracking error signal and a focus error signal to the optical 
pickup 2 on the basis of the read RF signal Srf, and supplies 
a spindle servo signal S 2 to the spindle motor 3. In response 
to the signals, various servo processes such as tracking servo, 
focus servo, and spindle servo are executed. 
[0021] 

The present application relates to the recording method 
in the recording controller 10, and various known methods can 
be applied to the reproduction control and the servo control, 
so that they will not be described in detail. Although FIG. 
1 illustrates the information recording/reproducing apparatus 
as an embodiment of the present application, the present 
invention can be also applied to an information recording 
apparatus dedicated to recording. 
[0022] 

The internal configuration of the optical pickup 2 and 
the recording controller 10 will now be described with reference 
to FIG. 2. 
[0023] 

As shown in FIG. 2, the optical pickup 2 has a laser diode 
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LD for generating a recording beam for recording information 
onto the optical disc D and a reproduction beam for reproducing 
information from the optical disc D, and a front monitor diode 
(FMD) 16 for receiving the laser beam emitted from the laser 
diode LD and outputting a laser power level signal LDout 
corresponding to the laser beam. 
[0024] 

The optical pickup 2 has known components such as a 
photodetector for receiving a reflection beam from the optical 
disc D of the reproduction beam and generating the read RF signal 
Srf and an optical system for guiding the recording beam, the 
reproduction beam, and the reflection beam to proper directions . 
The components are not shown and will not be described in detail . 
[0025] 

The recording controller 10 has an LD driver 12, an APC 
(Automatic Power Control) circuit 13, a sample and hold (S/H) 
circuit 14, and a controller 15. 
[0026] 

The LD driver 12 supplies a current according to the 
recording signal to the laser diode LD to record information 
onto the optical disc D. 
[0027] 

The front monitor diode 16 is disposed near the laser diode 
LD in the optical pickup 2, receives the laser beam emitted from 
the laser diode LD, and outputs the laser power level signal 
LDout indicative of the level of the laser beam. 
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[0028] 

Next, the sample and hold circuit 14 samples and holds 
the level of the laser power level signal LDout at timings 
specified by a sample and hold signal APC-S/H. 
[0029] 

On the basis of an output signal of the sample and hold 
circuit 14 , the APC circuit 13 controls the power of the LD driver 
12 so that the read power level of a laser beam emitted from 
the laser diode LD becomes constant. 
[0030] 

On the other hand, the controller 15 mainly controls 
recording operation and APC operation. 
[0031] 

First, the recording operation will be described. 

In the recording operation, the controller 15 generates 
switch signals SW R , SW W i, and SW W2 for a switch that controls 
the amount of current supplied to the laser diode LD and supplies 
the signals to the LD driver 12. 
[0032] 

The detailed configuration of the LD driver 12 will be 
described with reference to FIG. 3. 

As shown in FIG. 3, the LD driver 12 has a current source 
17R for the read level, and current sources 17W1 and 17W2 and 
switches 18R, 18W1 and 18W2 for the write level. 
[0033] 

The current source 17R for the read level is a current 
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source for passing drive current I R for making the laser diode 
LD emit a laser beam at the read power, and the drive current 
Ir is supplied to the laser diode LD via the switch 18R. Therefore, 
by turning on the switch 18R, the drive current I R of the read 
power is supplied to the laser diode LD. By turning off the 
switch 18R, supply of the drive current I R is stopped. The 
magnitude of the drive current I R from the current source 17R 
changes according to a control signal S A pc - 
[0034] 

On the other hand, the current sources 17W1 and 17W2 for 
the write level are current sources for passing drive currents 
Iwi and I w2 for making the laser diode LD emit a laser beam at 
the write power. The drive current I W i is supplied to the laser 
diode LD via the switch 18W1, and the drive current I w2 is supplied 
to the laser diode LD via the switch 18W2. 
[0035] 

In the write strategy of the application concerned, write 
powers in two levels, that is, a first write power Ph and a second 
write power Pm lower (having smaller amplitude) than the first 
write power Ph are used. 
[0036] 

When the switch 18W1 is turned on in a state where the 
switch 18R is on, the total drive current of the drive currents 
I R and I W i is supplied to the laser diode LD, so that the laser 
diode is driven at the second write power Pm. 
[0037] 
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When the switch 18W2 is turned on in a state where the 
switches 18R and 18W1 are on, the drive current I W 2 is further 
supplied to the laser diode LD. As a result, the total drive 
current of the drive currents I R , I W i, and I w2 flows in the laser 
diode LD, and the laser diode LD is driven at the first write 
power Ph. When the switch 18W1 is turned off, supply of the 
drive current I W i is stopped. When the switch 18W2 is turned 
off, supply of the drive current I w2 is stopped. 
[0038] 

Next, the relation between the drive current supplied to 
the laser diode LD and output power of a laser beam emitted from 
the laser diode LD will be concretely described by using FIG. 
4 . 

[0039] 

As understood from FIG. 4, when the drive current I R is 
supplied to the laser diode LD, the laser beam is emitted at 
the read power P R . When the drive current I wi is added in the 
state, a laser beam is emitted at the second write power Pm. 
When the drive current I w2 is further applied, a laser beam is 
emitted at the first write power Ph. 
[0040] 

At the time of recording information onto the optical disc 
D, basically, the drive current I R is always supplied and a laser 
beam is emitted at the read power P R . Further, by adding the 
drive currents and I w2 in accordance with a recording pulse, 
the first write power Ph or the second write power Pm is applied, 
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and information is recorded on the optical disc. 
[0041] 

Next, the APC operation will be described. 

The APC operation is performed to adjust the drive current 
level supplied from the LD driver 12 to the laser diode LD so 
that the level of the read power of the laser beam which is output 
from the laser diode LD becomes constant. 
[0042] 

More specifically, a drive signal S D from the LD driver 
12 is adjustedso that the level of the read power becomes constant 
during long space periods (for example, space periods of 5T to 
11T and 14T) in spaces of recording signals (subjected to 8-16 
modulation and having pit periods and space periods of 3T to 
11T and 14T) . 
[0043] 

More concretely, the operation is performed as follows. 

The controller 15 generates a recording pulse 
corresponding to a recording signal as described above, drives 
the LD driver 12 by the recording pulse, and makes the laser 
diode LD emit a laser beam. 
[0044] 

In this case, the front monitor diode 16 is disposed near 
the laser diode LD in the optical pickup 2, receives the laser 
beam emitted from the laser diode LD, generates the laser power 
level signal LDout indicative of the level, and supplies the 
laser power level signal LDout to the sample and hold circuit 
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14. 

[0045] 

The sample and hold circuit 14 samples the laser power 
level signal LDout supplied from the front monitor diode 16 at 
the timing given by the sample and hold signal APC-S/H input 
from the controller 15, and holds the level for a predetermined 
period. The sample and hold signal APC-S/H output from the 
controller 15 is a pulse indicative of a period in which the 
APC is executed (called "APC period") . 
[0046] 

The sample and hold circuit 14 holds the level of the laser 
power level signal LDout and supplies it to the APC circuit 13 
in the APC period in the space period of the recording signal. 
The APC circuit 13 supplies the control signal S APC to the LD 
driver 12 so that the level of the laser power level signal LDout 
becomes constant in the APC period. 
[0047] 

The control signal S A pc is input to the current source 17R 
for the read level in the LD driver 12 as shown in FIG . 3 . According 
to the control signal S APC , the current I R flowing from the current 
source 17R for the read level changes . That is, the APC operation 
is executed so that the read power level obtained by the laser 
diode LD becomes constant. 
[0048] 

( II ) First Embodiment 

Next, a first embodiment of the write strategy method 
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according to the present invention, which is executed by the 
above-described information recording/reproducing apparatus 1 
will be concretely described with reference to FIGS. 5A and 5B 
and FIG. 6. FIGS. 5A and 5B are diagrams showing two kinds of 
recording pulse waveforms according to the first embodiment. 
FIG. 6 is a diagram showing recording pulse waveforms 
corresponding to recording bits according to the first 
embodiment . 
[0049] 

In the write strategy method according to the first 
embodiment to be described below, the recording pulse wave of 
a recording pulse signal for forming a recording pit having a 
length equal to or longer than a pre-set length (5T in the case 
of the first embodiment) is set as the first recording pulse 
waveform shown in FIG. 5A. On the other hand, the recording 
pulse wave of a recording pulse signal for forming a recording 
pit having a length less than the pre-set length is set as a 
second recording pulse waveform shown in FIG. 5B. 
[0050] 

First, the first recording pulse waveform of the write 
strategy method according to the first embodiment will be 
described with reference to FIG. 5A. 
[0051] 

As shown in FIG. 5A, the first recording pulse waveform 
in the write strategy method according to the first embodiment 
is constructed by three parts of a top pulse 40, an intermediate 
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bias part 41, and a last pulse 42. In the part other than the 
above parts, the recording pulse waveform is maintained at the 
level of the read power P R . 
[0052] 

As understood from FIG. 5A, in the first recording pulse 
waveform, a binary write power is used. For the top pulse 40 
and the last pulse 42, the first write power Ph is used. For 
the intermediate bias part 41, the second write power Pm is used. 
The second write power Pm is set to be higher than the read power 
P R but to be lower than the first write power Ph. 

In FIG. 5A, the write powers for the top pulse 40 and the 
last pulse 42 do not have to be set to the same but may be set 
separately so that the optimum recording characteristic can be 
obtained according to the space lengths before and after a 
recording pit, and the like. 
[0053] 

The top pulse 40 has the role of pre-heating the recording 
surface of the optical disc D for pit recording . The intermediate 
bias part 41 changes its time width in accordance with the length 
of a pit to be recorded. The last pulse 4 2 has the role of adjusting 
the shape of mainly the rear end part of a pit. 
[0054] 

Basically, the length of a pit to be recorded is controlled 
by top pulse width Ttop, last pulse width Tip, and the first 
write power Ph, and the width of a pit to be recorded is controlled 
by the second write power Pm. 



17 



[0055] 

Next, the second recording pulse waveform in the write 
strategy method according to the first embodiment will be 
described with reference to FIG. 5B. 
[0056] 

The first recording pulse waveform has the top pulse 40, 
the intermediate bias part 41, and the last pulse 42. As the 
second recording pulse waveform, by omitting the last pulse 42 
and extending the intermediate bias part 41, a recording pulse 
waveform as shown in FIG. 5B is obtained. In other words, in 
the second recording pulse waveform, there is no last pulse 42 
and the intermediate bias part 41 at the amplitude level 
corresponding to the second write power Pm continues to the end 
of the recording pulse waveform. 
[0057] 

Preferably, the time of the top pulse 40 in the second 
pulse waveform is longer than that of the top pulse 40 in the 
first pulse waveform. Even when the time of the top pulse 40 
in the second pulse waveform is about the same or shorter than 
that of the top pulse 40 in the first pulse waveform, by properly 
adjusting the start end of the top pulse 40 and the termination 
end of the intermediate bias part 41, the recording pulse waveform 
is optimized . 
[0058] 

Next, the write power will be concretely described. In 
the second recording pulse waveform, the amplitude level of the 
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top pulse 40 corresponds to the first write power Ph, and the 
amplitude level of the intermediate bias part 41 corresponds 
to the second write power Pm. The part other than the top pulse 
40 and the intermediate bias part 41 has an amplitude level 
corresponding to the read power P R . 
[0059] 

Next, the recording pulse waveform corresponding to the 
length of a pit to be recorded will be described with reference 
to FIG . 6. 
[0060] 

In FIG. 6, recording data is subjected to 8-16 modulation 
process and has pit periods and space periods having lengths 
of 3T to 11T and 14T. In the first embodiment, in the case of 
recording data of 3T and 4T, the second recording pulse waveform 
is obtained. The amplitude of the top pulse 40 corresponds to 
the first write power Ph and, on the other hand, the amplitude 
of the intermediate bias part 41 corresponds to the second write 
power Pm. 
[0061] 

The recording data having a length of 5T or longer has 
the first recording pulse waveform. The amplitude of the top 
pulse 40 and the last pulse 42 corresponds to the first write 
power Ph and, on the other hand, the amplitude of the intermediate 
bias part 41 corresponds to the second write power Pm. 
[0062] 

In the recording data having a length of 5T or longer, 
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according to the length, the length of the intermediate bias 
part 41 increases. Although the pulse widths of the top pulse 
40 and the last pulse 42 change more or less according to a control 
which will be described later, they are basically constant and 
do not largely change according to the recording pit length unlike 
the intermediate bias part 41. 
[0063] 

In the recording pulse waveform of the first embodiment, 
as shown in FIGS. 5A and 5B, each of the top pulse 40 and the 
last pulse 42 has the leading and trailing edges in the pulse 
waveform. Unlike the conventional write strategy method, a 
plurality of pulses each having a small pulse width are not 
continued. The intermediate bias part 41 exists between the 
top pulse 40 and the last pulse 42. Consequently, the waveform 
is not improperly deformed by the influence of the leading and 
trailing periods of the pulses and the influence of overshoot 
and undershoot even at the time of high-speed recording. 
[0064] 

In the first recording pulse waveform, more practically, 
to obtain excellent recording characteristics, so-called 
adjustment of the edge positions of the recording pulse waveform 
can be performed, in which the positions and the widths of the 
top pulse 40 and the last pulse 42 can be changed according to 
space lengths just before and after a pit to be recorded. 
[0065] 

For the adjustment, for example, the method described in 
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the paragraphs [0085] to [0108] in the Patent Document 1 and 

FIGS. 8 to 11 in the Patent Document 1 can be used. 

[0066] 

Also with respect to the second recording pulse waveform, 
in a manner similar to the first recording pulse waveform, by 
adjusting the edge positions of the recording pulse, the 
influence of thermal interference and optical inter-symbol 
interference described in the Patent Document 1 can be eliminated. 
With respect to the front end of a pit to be recorded, in a manner 
similar to the first recording pulse waveform, it is sufficient 
to adjust a front edge position TF and a rear edge position TR 
of the top pulse 40 in a recording pulse corresponding to a pit 
to be recorded in accordance with the length of space just before 
the pit to be recorded 
[0067] 

On the other hand, with respect to the rear end of a pit 
to be recorded, the last pulse 42 does not exist, so that the 
length of the pit is finely adjusted by changing a rear edge 
position RE (refer to FIG . 5(b) ) of a recording pulse in accordance 
with the length of a space after the pit to be recorded. 
[0068] 

As described above, by the operation of the recording 
controller 10 of the first embodiment, only the recording pulse 
width corresponding to a pit having a length of 3T or 4T is set 
as the second recording pulse waveform, and the recording pulse 
waveform corresponding to a pit having a length of 5T or longer 
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is set as the first recording pulse waveform. Consequently,, 
a part recorded at the first write power Ph and a part recorded 
at the second write power Pm are included in the recording pulse 
waveforms having the overall length. Even in the case where 
the recording power fluctuates due to external factors and the 
like, the balance of pits does not deteriorate but excellent 
recording characteristics can be maintained. 
[0069] 

Since the amplitude of the top pulse 40 in the first 
recording pulse waveform and that in the second recording pulse 
waveform are the same, recording pulses can be generated with 
a simple configuration. 
[0070] 

Further, since the amplitude of the intermediate bias part 
41 in the first recording pulse waveform and that in the second 
recording pulse waveform are the same, recording pulses can be 
generated with a simpler configuration. 
[0071] 

Further, since the length (T TO p) of the top pulse 40 in 
the second recording pulse waveform is set to be longer than 
the length (T TO p) of the top pulse 40 in the first recording pulse 
waveform, time in which the amplitude in the second recording 
pulse waveform changes from a value corresponding to the first 
write power Ph to a value corresponding to the second write power 
Pm is longer than time in which the amplitude in the first recording 
pulse waveform changes from a value corresponding to the first 



22 



write power Ph to a value corresponding to the second write power 
Pm. Therefore, after fluctuations in the amplitude in the second 
recording pulse waveform immediately after the amplitude changes 
to the value corresponding to the first write power Ph decrease, 
the amplitude changes to the value corresponding to the second 
write power Pm. As a result, the average fluctuation width of 
the amplitude control in the second recording pulse waveform 
can be suppressed to the minimum. 
[0072] 

In the first embodiment, as shown in FIG. 7, only the 
recording pulse waveform of 3T as the shortest recording pit 
may be set as a single pulse for the following reason. When 
3T as the shortest recording pit is set as the second recording 
pulse waveform, depending on the performance of the LD driver 
for driving the laser diode, fluctuations in the waveform due 
to so-called overshoot, undershoot, or the like may not be 
converged during the pulse width period. From the viewpoint 
of properly controlling the pulse width, it is desirable to set 
the recording pulse waveform of 3T to the single pulse. 

In FIG. 7, the recording power of the single pulse of 3T 
and that of the top pulse 40 in the recording pulse of 4T do 
not have to be set to the same but may be separately set so as 
to obtain the optimum recording characteristics in accordance 
with the lengths of spaces before and after a recording pit. 
[0073] 

(III) Second Embodiment 
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A second embodiment as another embodiment of the write 
strategy method according to the present application, which is 
executed by the above-described information 

recording/reproducing apparatus 1 will be concretely described 
with reference to FIG. 8. FIG. 8 is a diagram showing recording 
pulse waveforms corresponding to recording pits in the second 
embodiment . 
[0074] 

The configuration of the information 
recording/reproducing apparatus applied to the second 
embodiment of the write strategy method is basically the same 
as that of the information recording/reproducing apparatus 1 
according to the first embodiment of the write strategy method. 
The description of the details will not be therefore repeated. 
[0075] 

In the first embodiment of the write strategy method, the 
case where only the recording pulse waveform corresponding to 
a pit having the length of 3T or 4T (only the recording pulse 
waveform corresponding to a pit having the length of 4T in a 
modification (refer to FIG. 7) of the first embodiment) is set 
as the second recording pulse waveform and the recording pulse 
waveform corresponding to the pit having the length 5T or more 
is set as the first recording pulse waveform has been described. 
In the second embodiment of the write strategy method, the 
recording pulse waveforms corresponding to pits having lengths 
3T to 8T are set as the second recording pulse waveforms, and 
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the recording pulse waveform corresponding to a pit having a 
length of 9T or more is set as the first recording pulse waveform. 
[0076] 

Specif ically, in the second embodiment of the write 
strategy method, as shown in FIG. 8, in the case of recording 
data 3T to 8T, the second recording pulse waveform is set. The 
amplitude of the top pulse 40 corresponds to the first write 
power Ph. On the other hand, the amplitude of the intermediate 
bias part 41 corresponds to the second write power Pm. 
[0077] 

According to the lengths of the recording data of 3T to 
8T, the length of the intermediate bias part 41 increases. 
Although the pulse width of the top pulse 40 changes more or 
less under the control in a manner similar to the first embodiment , 
it is basically almost constant . The pulse width does not largely 
change according to the length of a recording pit unlike the 
intermediate bias part 41. 
[0078] 

On the other hand, recording data having a length of 9T 
or longer has the first recording pulse waveform. The amplitude 
of the top pulse 40 and the last pulse 42 corresponds to the 
first write power Ph. On the other hand, the amplitude of the 
intermediate bias part 41 corresponds to the second write power 
Pm. 

[0079] 

According to the length of recording data having a length 
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of 9T or longer, the length of the intermediate bias part 41 
increases. Although the pulse width of the top pulse 40 and 
the last pulse 42 changes more or less by a control similar to 
that in the first embodiment, it is basically almost constant 
and does not largely change according to the length of a recording 
pit unlike the intermediate bias part 41. 
[0080] 

The range of lengths of pits corresponding to the second 
recording pulse waveform is set 3T to 8T in the second embodiment 
for the following reason. The maximum amplitude in a so-called 
eye pattern in an RF (Radio Frequency) signal detected from 
reflection light obtained by emitting a laser beam for 
reproduction to a formed recording pit is obtained from an RF 
signal detected from a recording pit having the length of 8T. 
It was experimentally found that it is the most desirable from 
the viewpoint of reproduction quality to set, as the second 
recording pulse waveform, a recording pulse waveform 
corresponding to a recording pit having a length equal to or 
less than the length of the recording pit having the length at 
which the maximum amplitude is obtained. However, the length 
of the recording pit at which the maximum amplitude is obtained 
changes depending on variations in the characteristic of the 
optical pickup itself, the quality of the material of the optical 
disc D, and the like. It is desirable to design and manufacture 
an information recording/ reproducing apparatus by pre-setting, 
as the second recording pulse waveform, a recording pulse 
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waveform corresponding to a recording pit having a length equal 
to or less than the length which is pre-set on the basis of various 
experiment results . 
[0081] 

Since the other operation of the information 
recording/reproducing apparatus is the same as that of the 
information recording/reproducing apparatus 1 according to the 
first embodiment, description of the details will not be 
repeated . 
[0082] 

As described above, in the operation of the recording 
controller of the second embodiment , the recording pulse waveform 
corresponding to the pits having a length in the range from 3T 
to 8T is set as the second recording pulse waveform, and the 
recording pulse waveform corresponding to a pit having a length 
equal to or longer than 9T is set as the first recording pulse. 
Consequently, a part recorded with the first write power Ph and 
a part recorded with the second write power Pm are included in 
the recording pulse waveforms of all of lengths. Even in the 
case where the length of a pit changes, the fluctuation width 
in the control of the amplitude of a recording pulse becomes 
almost constant. Thus, the accurate amplitude control can be 
performed on pits in all of the range of lengths. 
[0083] 

Therefore, by uniforming and improving the accuracy of 
amplitude control accompanying a change in the length of a pit, 



27 



a recording pit having a proper shape can be generated even at 
the time of ultra-high-speed recording of, for example, 8X or 
higher . 
[0084] 

Since the amplitude of the top pulse 40 in the first 
recording pulse waveform and that in the second recording pulse 
waveform are set to the same, recording pulses can be generated 
with a simple configuration. 
[0085] 

Further, since the amplitude of the intermediate bias part 
41 in the first recording pulse waveform and that in the second 
recording pulse waveform are also set to the same, recording 
pulses can be generated with a simpler configuration. 
[0086] 

Further, since the length (T TO p) of the top pulse 40 in 
the second recording pulse waveform is set to be longer than 
the length (T T op) of the top pulse 40 in the first recording pulse 
waveform, time in which the amplitude in the second recording 
pulse waveform changes from a value corresponding to the first 
write power Ph to a value corresponding to the second write power 
Pm is longer than time in which the amplitude in the first recording 
pulse waveform changes from a value corresponding to the first 
write power Ph to a value corresponding to the second write power 
Pm. Therefore, after fluctuations in the amplitude in the second 
recording pulse waveform immediately after the amplitude changes 
to the value corresponding to the first write power Ph decrease, 
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the amplitude changes to the value corresponding to the second 
write power Pm. As a result, the average fluctuation width of 
the amplitude control in the second recording pulse waveform 
can be suppressed to the minimum. 
[0087] 

In the second embodiment, a recording pulse waveform 
corresponding to a pit having a length of 3T as the shortest 
pit may be set as a single pulse. 
[0088] 

More practically, it is necessary to adjust the first and 
second write powers Ph and Pm on the basis of the ratio between 
the first and second write powers Ph and Pm and the like in each 
of the foregoing embodiments. As a concrete adjusting method, 
a method described in the paragraphs [0112] to [0131] in the 
Patent Document 1 and FIGS. 13 to 16 in the Patent Document 1 
can be used. 
[0089] 

The first write power Ph in the first pulse waveform and 
that in the second pulse waveform do not always have to be set 
to the same but may be set separately so that the optimum recording 
characteristic can be obtained according to variations in the 
characteristics of the optical pickup itself, the quality of 
the material of the optical disc D, and the like. 
[0090] 

Similarly, the second write power Pm in the first pulse 
waveform and that in the second pulse waveform do not always 
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have to be set to the same but may be set separately so as to 
obtain the optimum recording characteristic in accordance with 
variations in the characteristics of the optical pickup itself, 
the quality of the material of the optical disc D, and the like. 



30 



